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where  r  la  a  poaltlve  definite  diagonal  matrix  with 
eigenvalues  within  the  unit  circle. 

4.  GLOBAL  STABILITY  OF  THE  HYBRID  ADAPTIVE  SYSTEM 

The  proof  of  stability  of  the  hybrid  adaptive  control  problem  follows  generally 
along  the  same  lines  as  those  for  the  continuous  case  discussed  in  Narendra  et  al 
(1980).  However,  since  the  adjustment  of  the  parameters  Is  done  at  discrete 
instants,  $(t)  Is  discontinuous  at  these  Instants  and  hence  the  arguments  have 
to  be  suitably  modified.  Only  those  features  which  are  pertinent  to  the  hybrid 
control  problem  are  discussed  here  and  the  reader  Is  referred  to  the  earlier  paper 
(Harendra  et  al,  1980)  for  soma  of  the  details.  The  basic  mathematical  concepts 
as  well  as  Lemma  1  essential  for  the  proof  of  stability,  are  developed  briefly 
in  the  appendix. 

For  ease  of  exposition  the  stability  problem  is  discussed  in  two  stages. 

In  the  fir  case  the  high  frequency  gain  Rp  of  the  plant  Is  assumed  to  be 
known  while  the  more  general  problem  with  Kp  unknown  la  discussed  In  Case  (11). 
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It  follows  from  the  discussions  in  Section  3  that  ^  will 
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secs,  tha  amplitude  of  oaeillatlona  whan  T».25  aacs  ia  relatively  large. 

This  may  be  attributed  to  tha  fact  that  tha  plant  la  mutable.  Bence,  though 
tha  overall  ayataa  ia  theoretically  globally  atable  for  all  finite  valuer  of  the 
paraatttar  T,  the  tranalent  reaponae  nay  deteriorate  with  lncreaalag  T,  particu¬ 


larly  if  the  plant  ia  una table, 
will  dictate  the  choice  of  T. 


•  in  such  cases  tha  desired  transient  response 


An  adaptive  algorithm  is  presented  in  this  paper  which  assures  the  global 
stability  of  hybrid  syetane  in  which  the  signals  are  continuous  but  the  parens tars 
are  adjusted  at  discrete  Instants.  The  global  stability  of  the  overall  syeten  is 
independent  of  T,  the  period  between  parameter  adjustments  provided  T  is 
bounded.  Slauletion  results  indicate  that  the  choice  of  T  will  be  dictated  by 
the  desired  transient  response,  particularly  when  the  plant  is  unstable. 
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(19S2)  and  similar  results  can  be  obtained  using  the  adaptive  laws  corresponding 
to  these  error  nodels.  The  techniques  developed,  though  applied  only  to  single 
input-single  output  systems  (SXSO)  hare,  carry  over  to  aeltlvarlabls  systems  as  well, 
farther  the  sane  approach  can  also  be  used  for  the  adaptive  control  of  discrete 


linear  systems  in  which  tha  plant  output  is 


at  a  certain  rate  but  the 


are  adjusted  at  slower  rates.  Tha  latter  is  obviously  significant 
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Basalt  1:  If  Ch«  input  to  a  llnoar  tiao- invariant  exponentially  stable  system 

is  x(*)cL~  and  the  corresponding  output  la  y(*) ,  then 

|y(t)|  -  ^|*(t)|J 

Result  2:  If  W^(s)  is  a  rational  transfer  function  of  a  linear  time-invariant 
discrete  system  with  all  its  poles  and  saroa  within  the  unit  circle  and  with  input 
and  output  x(*>  and  y(*>,  respectively,  then 

£jl*<v>l  ‘uk^!y<v)l 

Lemma  1:  Let  «>(•),  C( *)  s  R  -*■  R  be  the  input  and  output,  respectively  of 

a  transfer  matrix  K(s)I  where  H(s)  is  a  rational  transfer  function  and  I 
is  the  (nxa)  omit  matrix.  Let  H(s)  have  all  its  poles  and  seros  in  the  open 
left  half  plane,  further  suppose  that  there  is  a  vector  p(t)e  Rn  and  ||+| | 
is  uniformly  bounded  and 

K«>  m  \  t  c 

k  t  N 

where  is  a  constant  vector  sad 

4*k  4  Vi  *  *k — * 0  **  k  — *  ■ 

Then 

UT(t)  H(s)I  -  H(s)pT(t)]u(t)  -  o  |  J“J||u(t)||  | 

According  to  Lamms  1  if  the  input  is  u(t),  the  outputs  of  the  two  systems 
♦T(t)  H(s)  and  H(s)4X(t)  differ  by  o|^||u(x)||  |  if  — >0  as 
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Proof:  At  tine  t  -  (n+l)T 


ii-l 


*  (t)  H(s)  Iw(t) 


M(e) In(t) 


5(t) 


(A-2) 


If  the  impulse  response  of  S(s)  is  k(t)  «har.  |h(t)|  4  8e”  c  for  sone  positive 
constants  8  and  r. 

<i+2)T 


H(s)^T(t)u(t)  -  ♦TH(s)Ie(t) 

I  o  1-0 

t«(ttH)T 


.S-i 


hi  (l*4'l)T-T]»lT)dT 


UH)f 


*  [♦.  ♦§*♦1]* 


■(s)Ie(t) 


t-(n+l)T 


-gct 


(i+l)T 


hI(n+l)T-Tj«(T)dT 


i-0 


IT 


(A-3) 


where  C 


‘  {*“ '  *»} 


.nd  Ct  -  fa 


Since  the  vector  $  is  bounded  C^(i-0, . . . ,n)  are  bounded.  Further  since 


A*  — >  0,  C  — >  0  as  n  — >  •  .  Froa  (A-2)  and  (A-3)  it  follows  that 
n  n 


[♦T(t)H(s)I  -  H(a)*T(t)]w(t) 


&J 


(i+l)T 

h[(m,l)T-Tj«(T)dT 


t-(n+l)T 


1-0 


(A-4) 


.'.I.'-*.!- *'• 


v[  (n+l)T] 


mH&BSM.'&SHr. 


»  -  *  »  h  .  «  .  »  L  «  .  •  ■  ..  v  _  ■  . 


*  -  *1  . 

>  * 


p  j  mmymw  « 
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n-1 

|v{(n+l)T]|<  C  c< 

i-0  l 


ggr (n+l)T 


(i+l)T 

I  erT|  |o)(t)  |  JdT 


iT 


*  v  5  ii.(t)u[°Dc1i  *«■«»*] 


CA-4) 


for  some  constant  y^. 

Since  |  Cr  |  ->  0  as  n  — >  ®,  the  term  in  the  brackets  as  n — >  <*>  tends  to 
zero  by  result  2.  Hence 

|v(t)|-  o  £  |  |f»(T)  I  jj 

proving  Lemma  1. 


-a.'-N.,L5.--v-.V 


-V  - 


